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(57) Abstract 

An auto-focus system and method for an optical imaging 
system introduces a pair of spaced laser beams (11 and 13) into 
the imaging system (9) to illuminate a work surface at slight con- 
verging and symmetrical angles. The reflections (23, 25) of the 
beams from the work surface are translated by the imaging system 
(9) to detectors (29 and 31) at an image plane which produce de- 
tector output signals that are processed to produce a focus-adjust- 
ing control signal. Laser power is also corrected in accordance 
with levels of detected reflections to provide wide dynnamic range 
of surface reflectance conditions. 
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fiT >PRKATUS AND METHOD 

Fifli " f invention 

This invention relates to auto-focusing systems, and 
more particularly to a structure and method for focusing an 
optical imaging system using laser beams directed through the 
optical imaging system. 

flaokgrovnfl p f thf> invention 

Focusing schemes for "optical imaging systems should be 
non-contacting and operate through the lenses of the optical 
imaging system to assure continuous and repeat able operation 
within the environment of the optical imaging system. In 
addition, such auto-focusing schemes should be relatively 
insensitive to the tilt angle and reflectivity of the surface 
being viewed through the optical imaging system. Also, it is 
highly desirable for an auto-focusing scheme to have a wide 
capture range and be able to follow variations in elevation of 
the surface during scanning motion of the optical imaging 
system over the surface. 

Fumrn^T " f th* invention 

Accordingly, in the present invention two laser beams 
are introduced off axis into an optical imaging system to form 
a symmetrical pair of beams that emerge from the imaging system 
to illuminate a work surface at a slight angle. The reflection 
from each spot of illumination on the work surface propagates 
back through the optical imaging system to at least one 
detector at an image plane, and such reflection thus moves 
across the detector, with the space between the reflections 
increasing more or less linearly with the distance separating 
the work surface and the focal plane of the optical system. 
The symmetrical pair of beams and the associated reflections 
thereof from a work surface are processed to eliminate effects 
of such conditions as tilt in the work surface on the location 
of the reflected spots on the associated detectors. Higher 
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magnification in optical imaging systems provides higher 
leverage between movement of illuminated spots on a work 
surface with changes in focal distance and the movement of the 
reflected spots on the detectors at the image plane. By 
isolating each beam, for example, by polarizers or different 
wave lengths or time-shared operation, then position-sensing 
detectors can be used on each .channel of illuminating and 
reflected beams, and the difference in detected signal levels 
divided by the sum of detected signal levels yields a 
compensated real-time output representative of focal distance 
between a work surface and the optical imaging system. 

Description of the Drawings 

Figure 1 is a pictorial diagram of an optical imaging 
system equipped with a pair of focus-sensing beams according to 
the present invention; 

Figure 2 is a chart illustrating the intensity as a 
function of radius of the reflected spot; 

Figure 3 is a pictorial diagram of a reflected spot 
upon a two element position-sensing detector of Figure 1; 

Figure 4 is a pictorial diagram of a preferred 
embodiment of the present invention; 

Figures 5, 6 and 7 are pictorial diagrams illustrating 
the optical conditions around focal distance to a flat work 
surface; 

Figures 8, 9 and 10 are pictorial diagrams 
illustrating the optical conditions around focal distance to a 
tilted work surface; 

Figure 11 is a pictorial diagram illustrating the 
optical conditions near an edge of a work surface; 

Figure 12 is a pictorial diagram illustrating the 
optical conditions about the focal distance to a rough work 
surface; 

Figure 13 is a block schematic diagram of a control 
circuit according to the present inventions- 
Figure 14 is a graph illustrating error signal 
response to lateral movement of a reflected spot on the 
detector in accordance with the present invention; 
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Figure 15 is a chart illustrating control of laser 
power according to the present invention; and 

Figure 16 is a flow chart illustrating the operation 
of this present invention. 

PfffTTrri r 1 -*"" of ^"^ Preferred ftomodiaent 

Referring now to the pictorial diagram of Figure 1, 
there is shown a simplified embodiment of the present invention 
for operation in an optical imaging system such as a microscope, 
or the like. A pair of laser beams 11 and 13 having different 
optical polarities are introduced into the imaging system 9 
through beam splitter 15, to establish a pair of beams 
substantially symmetrically off-axis about an axis of optical 
symmetry 17 of the imaging system 9. Due to the off-axis 
orientation of the two incident beams 12, 14, these beams pass 
through the objective lens 16 of the imaging system 9 at a 
slight converging angle toward the focal plane 19. At focus, 
such incident dual beams 12, 14 produce co-located spots of 
illumination 21, 22 on a work surface located in the focal 
plane 19. The reflections 23, 25 from such surface of the 
incident-illuminated spots 21, 22 pass back through the 
objective lens 16 and the associated imaging system 9 and are 
partially reflected by beam splitter 15 to the beam separator 
27. There, the reflected, split beams from the illuminated 
spots 21, 22 are separated and directed to detectors 29 and 31 
which lie substantially in the image plane of the optical 
imaging system 9. Therefore, at focus, the reflections from 
the illuminated spots 21, 22 are re-imaged as spots on the 
respective detectors 29, 31 with an intensity profile 
substantially as illustrated in the graph of Figure 2. More 
importantly, however, as the distance between a work surface 
and the objective lens of the imaging system 9 varies about the 
focal distance, then the illuminated spots 21, 22 will part and 
move away from each other on such surface, and correspondingly 
the reflected spots will move on the detectors 2 9, 31 at the 
image plane in direct or linear relationship to the spacing of 
a reflecting surface about the focal plane 19, as illustrated 
in Figure 3. The detectors 29, 31 may each include active 
optical sensing segments 33, 35 disposed about a gap 37 to 
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produce output signals in conventional manner that correspond 
to the level or intensity of the reflected radiation 23, 25 
that is incident upon the active segments 33, 35, Referring 
also to Fig. 14 f the difference of output signals from the 
segments 33, 35 for each detector 29, 31 will be zero when 
reflections 23 , 25 are coincident or when they lie outside the 
active segment areas 33 f 35. As the reflections 23 r 25 move 
from the outer edges of the active segments 33, 35, the 
detector difference signal changes from a maximum level 134 to 
zero 135 through curve slope 133. This output signal 
information from a pair of detector segments for each reflected 
spot operates control circuitry for automatically adjusting 
focus conditions in the manner as later described herein. 

Referring now to Figure 4, there is shown a pictorial 
diagram of the preferred embodiment of the present invention 
for operation with the optical imaging system 9 having at least 
an objective lens 16. The imaging system may also include an 
image-forming lens 39 for forming on an image plane 41 a real 
image of an object on the focal plane 19. Optionally, an 
optical port including a beam splitter 43 and lens 45 may be 
included in the imaging system to facilitate the illumination 
of a sample below the objective lens 16 using a light source 47. 

In accordance with the present invention, a pair of 
laser beams 4 9, 51 are introduced into the imaging system 9 via 
a dichroic-mirror type of beam splitter 53 which passes 
visible-band light (substantially in the vertical direction in 
the illustration) and which reflects infra-red radiation 
(substantially along the horizontal direction in the 
illustration) . Thus, eyeball or camera viewing at the image 
plane 41 is uninterrupted by infra-red auto-focusing operation 
according to the present invention. 

Specifically, laser diode 55 produces a beam that may 
be collimated and adjusted in diameter in conventional manner 
57 to supply a beam of horizontally-polarized infra-red 
radiation to a partially-transmissive beam splitter 59. A 
portion of the infra-red beam that is incident upon the non- 
polarizing beam splitter 59 is applied to a conventional 
polarizing beam splitter 61 which passes a portion 63 of the 
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horizontally-polarized beam (horizontally, as illustrated) . 
The horizontally-polarized beam 63 passes through a 
quarter-wave plate 67 (at the wavelength of the laser beam) 
which produces circular polarization of the beam passing 
therethrough to the reflective mirror 69. Therefore, the 
reflected, circularly-polarized portion of the laser beam 
returns through the quarter-wave plate 67 and reflects 
vertically 65 from the polarizing beam splitter 61. Also, 
moving the assembly of beam splitters 59, 61 laterally relative 
to the laser beam 57, alters the spacing between the resultant 
incident beams 65 and 66. Of course, separate beams may also 
be selectively segregated using separate laser diodes that 
emit, for example, at different wavelengths, or in time-shared 
relationship. 

The vertically - and horizontally - polarized beams 
65, 6 6 are supplied to the beam splitter 71 to provide incident 
beams 49 and 51 previously described. In addition, the beam 
splitter also receives the separately-polarized beams of 
reflected radiation 73, 75 from the optical imaging system and 
produces therefrom the vertically-polarized 77 and the 
horizontally-polarized 79 resultant beams which are applied to 
the polarizing beam splitter 81. An image-forming lens 84 may 
be included in the paths of the resultant beams 77, 7 9 to image 
the respective reflected polarized beams thru the polarizing 
beam splitter 81 and onto the associated detectors 83, 85. 
Thus, detector 83 only receives vertically-polarized reflected 
beam 77 and detector 85 only receives horizontally- polarized 
reflected beam 79. Since these detectors 83, 85 are positioned 
at the image plane of the optical system 9, then changes in the 
focal distance along optical axis 17 between the objective lens 
16 of the imaging system 9 and a work surface near the focal 
plane 19 causes reflected spots to move on the detectors 83, 85 
lying in the real image plane, as previously described. 

Therefore, with reference to Figures 5, 6 and 7 the 
pictorial diagrams illustrate the optical conditions associated 
with a pair of off-axis beams introduced into the imaging 
system 9, as previously described, to illuminate a work surface 
90 at or near the focal plane 19. As illustrated in Figure 5, 
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the incident beams 91 f 93 illuminate spots on the work surface 
90 at the focal plane which are exactly coincident or 
co-located on the focal plane. Reflected radiation 95, 97 from 
the respective spots passes through the imaging system to form 
reflected spots 92, 94 that are similarly located at equivalent 
co-locations on respective separate detectors 83, 85 which lie 
in the image plane 99, for reasons as previously described. 
Thus, at focus, the difference of detector outputs (e.g., 
Left-Right) is zero (or, null) . However, as illustrated in 
Figure 6, a work surface 90 positioned above the focal plane 19 
of the imaging system 9 produces separated spots 101, 103 of 
illumination on the surface 90, with the right beam 93 
illuminating the right-side spot 101, and with the left beam 91 
illuminating the left-side spot 103. The reflections of these 
spatially-separated spots 101, 103 are then translated via the 
imaging system 9 to the image plane 99 onto the detectors where 
the reflected images 92, 94 of such spots 103, 101 appear as 
spaced away from the optical axis 17 of the system. Thus, for 
a work surface 90 disposed above the focal plane 19, the 
difference of detector outputs (i.e., Left-Right) is greater 
than zero. 

Similarly, with reference to the pictorial diagram of 
Figure 7, a work surface 90 positioned below the focal plane 19 
of the imaging system 9 produces separated spots 101, 103 of 
illumination on the work surface 90, with the right beam 93 
illuminating the left-side spot 101, and with the left beam 91 
illuminating the right-side spot 103. The reflections of these 
spatially-separated spots 101, 103 are then translated via the 
imaging system 9 to the real image plane 99 onto the detectors 
where the reflected images 92, 94 of such illuminated spots 91, 
93 are spaced away from the optical axis 17 of the system. 
Thus, for a work surface 90 disposed below the focal plane 19, 
the difference of detector outputs (i.e., Left-Right) is less 
than zero. 



symmetrically-positioned, off-axis pair of laser beams that are 
introduced into the optical imaging system provide detector 
outputs, in the manner previously described, that are 



In accordance with the present invention, the 
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substantially immune from tilting of a work surface relative to 
the focal plane. Specifically, as illustrated in the pictorial 
diagrams of Figures 8, 9 and 10 for work surfaces 90 
positioned, respectively, at and above and below the focal 
plane 19, the resultant reflected spots 92, 94 from the 
illuminated spots 101, 103 on the work surface 90 still provide 
comparable differences of dete.ctor outputs (i.e., Left-Right) 
that are, respectively, zero (null) , greater than zero, and 
less than zero. This is because the reflections from the 
illuminated spots 101, 103 are translated via the imaging 
system 9 to the image plane 99 of the detectors with 
asymmetrical displacement from the optical axis 17 for work 
surfaces 90 disposed above or below the focal plane 19, and the 
difference of detector outputs (i.e., Left-Right) remains zero, 
greater than zero, and less than zero under the indicated 
conditions of a work surface 90 for Figures 8, 9 and 10 

respectively. 

In accordance with the present invention, the 
auto-focusing scheme operates at an edge 102 of a work surface 
90 to focus on the proximate surface, as illustrated in the 
pictorial diagram of Figure 11. Specifically, reflections from 
the portions of the illuminated spots 101, 103 that are on the 
work surface 90 are translated via the imaging system 9 to the 
imaae plane 99 to form partial - Elected images 92, 94 that are 
asymmetrical (as are the illuminated spots 101, 103 overlaying 
the edge 102). Thus, the centroid of the area of the images 
92, 94 are shifted slightly from the optical axis 17, but the 
difference of detector outputs (i.e., Left-Right) is 
nevertheless zero. This condition continues (with movement of 
the edge 102 of the work surface relative to optical axis 17) 
until reflections from illuminated spots 101' and 103' can be 
translated back from the lower level of the work surface 90' 
disposed below the focal plane 19 in the manner as previously 
illustrated and described with reference to Figure 7 or Figure 
10. 

Referring now to Figure 12, there is shown a pictorial 
diagram illustrating operation of the present invention on a 
work surface 90 that is rough, irregular or otherwise 
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defective. Specif ically, the left and right beams 91 f 93 

illuminate spots 101, 103 on the work surface 90, and 

reflections from the spots are translated via the imaging 

system 9 to the image plane 99 of the detectors. The reflected 

images 92, 94 of the spots 101 , 103 contain irregular contours 

attributable to the irregular reflective surfaces within the 

areas of the illuminated spots 101, 103- However, the effects 

* 

of the surface on the centroids of area of both reflected spots 
92 , 94 remain substantially the same; and the difference of 
detector outputs (i.e., Left-Right) remains zero. Similarly, 
an irregular or otherwise defective work surface 90 that is 
tilted relative to the focal plane 19 yields irregular 
reflected images 92, 94 of the illuminated spots 101, 103, and 
the centroids of the areas of such reflected irregular spots 
will be positioned along the image plane 99 of the detectors as 
previously described, for example, with reference to Figures 8, 
9, or 10. 

Referring now to Figure 13, there is shown a schematic 
diagram of the control circuitry according to the present 
invention for logically converting detector outputs to 
requisite signals for controlling a focusing motor and the 
output intensity of the laser light source. The detectors (for 
example, 29, 31 of Figure 1, or 83, 85 of Figure 4) each 
include a pair of active segments separated by a gap, as 
previously illustrated and described with reference to Figure 
3. The output signals 111-114 from each of the active segments 
in the two detectors are added in summing amplifiers 117, 119 
to provide sum signals 115, 116 per detector. In addition, the 
differences 121, 123 between output signals from the segments 
of each detector are produced by difference amplifiers 125 and 
127. These sum and difference signals 115, 116, 121, 123 are 
used to control the motor 129 which is coupled to a focus 
adjustment of the imaging system 9, and to control the power 
output of the laser diode 55 that provides the pair of light 
beams 23, 25 in Figure 1 (or 65, 66 in Figure 4) . 

Specifically, with reference to the graph of Figure 
14 , there is shown the sum 131 and difference 133 signal levels 
associated with the responses of the pair of segments of each 
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detector. Thus, as a reflected spot traverses the surface of a 
detector (lying in the image plane 99) due to movement of a 
reflective work surface above and below the focal plane, the 
difference signal 133 is indicated to undergo a transition from 
zero to a maximum positive value, through zero crossing 135, to 
a maximum negative value, and to zero. However, the sum signal 
131 increases from zero to a maximum-positive value, and 
decreases to zero. Therefore, critical control of motor 12 9 is 
necessary only within a narrow range of difference-signal 
values about zero crossing 135 that corresponds to the centroid 
of the reflected spot being positioned substantially at the gap 
37 between active segments of a detector (that, in turn, 
corresponds to focus at the focal plane) . Accordingly, the 
difference signals 121, 123 are amplified in differential 
amplifier 137 for summation with a user-settable offset signal 
139 (later described herein) in amplifier 141 to produce an 
error signal 143 of requisite amplitude and polarity to drive 
motor 12 9 in the corrective direction to achieve focus of the 
imaging system 9. 

At the same time, the sum signals 115, 116 are applied 
to comparators 143, 145 for comparison with a signal 147 
representing the minimum sum level, as indicated in the graph 
of Figure 14. The comparators 143, 145 thus produce outputs 
149, 151 when the respective sum signals exceed the minimum sum 
level, and the output 155 of AND gate 153 that is connected to 
receive both outputs 149, 151 thus indicates when both sum 
signals 115, 116 exceed the minimum sum level. This output 155 
thus provides indication of IN-RANGE operation when sufficient 
reflected light is detected by the detectors to provide 
reliable focusing operation. This IN-RANGE signal is applied 
through an inverter 157 to produce an output 15 9 when the 
combined sum signals are not IN-RANGE (i.e., insufficient light 
is detected by the detectors to permit reliable focusing 
operation. While light conditions are suitable for reliable 
focusing operation, the relay 161 is activated to permit 
error-controlled operation of the focus-adjusting motor 129. 
Otherwise, the motor 129 is grounded by the relay to serve as a 
dynamic brake and to inhibit further operation of the motor 
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129- Therefore, the error signal from amplifier 141 
attributable to deviation of a work surface from location at 
the focal plane of the imaging system is applied to the 
focus-adjusting motor 129 via power amplifier 163 under 
IN -RANGE conditions when the relay 161 is activated. 

The user level offset 139 provides a method for 
adjusting the trigger level of comparator 165 or the offset 
voltage on focus-adjusting motor 129- This may be useful for 
compensating for chromatic errors introduced by the objective 
lens 16 while passing various frequencies of laser beams 11, 
13. This user level offset 139 may also be useful for 
defocusing the lens to a predetermined level. 

With reference now to the graph of Figure 15, there is 
shown a curve of signal strength of the total sum signal 171 
from amplifier 169 as a function of the light detected by 
detectors operating on both reflected beams. At signal levels 
below the minimum sum level established by reference source 
14 6, the detector output levels are not IN-RANGE and the 
circuitry of Figure 13 does not provide reliable focusing 
operation. However, as the detected light levels increase, 
because of an increase in sample reflectivity (with the laser 
55 operating at maximum output power) , the total sum 171 of 
detector outputs exceeds the minimum sum level 147 which 
activates the IN-RANGE circuitry, allowing the system to drive 
motor 12 9 so that focus is attained. Thereafter, the power 
output 181 from laser diode 55 may be decreased without loss of 
auto-focusing capability. Accordingly, the operating power 
level 181 of laser diode 55 is controlled by the circuitry of 
Figure 13 to provide optimal power level for enhanced signal to 
noise ratio without detector or amplifier saturation so that 
the total sum signal 171 attains a level relative to the 
desired sum level 172 established by the source 173. The power 
level of laser diode 55 may thus be reduced by the differential 
amplifier 175, and power amplifier 179 in approximate 
proportion to the total sum of detector outputs in order to 
maintain the total sum 171 of detector outputs substantially 
constant with light levels on the detectors, as illustrated in 
Figure 15. 
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Referring now to Figure 16, step 201 represents the 
incidence of the laser spot on detector 1. Block 205 
represents the signal output from the left side of detector 1 
and 207 denotes the detector output on the right side. The 
difference between the left side output and the right side 
output is calculated in 213. Similarly, the second detector 
receives 203 an incidence spot and produces left and right side 
outputs in 209 and 211 respectively. The difference between 
the second detector left and right outputs from 209 and 211 
produce an output difference in 215. The sum of the first 
detector left and right outputs are summed in 217, and the sum 
of the second detector left and right outputs are summed in 
219. Step 221 calculates the difference between the first 
detector difference output and the second detector difference 
output. Step 229 sums the difference output signal from 221 
with a user-adjustable offset level in 223 to produce an error 
signal. This error signal is amplified 223 sufficiently to 
control a motor. Step 243 tests the signal polarity. If the 
error signal is less than zero, the motor moves 247 upwards. 
If the signal is greater than zero, the motor moves 249 
downwards. If the error signal produced from 229 is equal to 
zero, as shown in 235, then a range signal is generated in 241. 

Step 227 adds the sum outputs from 217 and 219 to 
produce a total sum output. Step 225 represents a minimum 
detector sum reference level, and this reference level is 
compared to the total sum output from 227 in 231. If the total 
sum output from 227 exceeds the minimum detector sum reference 
level in 225, motor movement is enabled 237, and a signal is 
generated indicating "in-range". If the total sum does not 
exceed the r nimum detector sum reference level from 225, then 
the motor movement is inhibited 239. A second reference level 
is generated 245 to check whether a desired detector sum 
reference level is achieved. The total sum output from 227 is 
compared 251 against this desired detector sum reference level 
from 245. If the total sum from 227 is less than that of the 
desired detector sum reference level in 245, the laser source 
is checked 253 to determine if maximum power has already been 
obtained. If these laser sources are not already operating at 
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maximum power r the laser power level is increased 259, If the 
total sum output from 227 is equal to that of the desired 
detector sum reference level in 245, the power level of the 
laser source is maintained 255. If the total sum output from 
227 exceeds than the desired detector sum reference level in 
245 , then the output level of the laser source is checked 257 
to determine if minimum power has already been attained. If 
the laser is not already operating at minimum power, the power 
level of the laser is decreased 261. 



according to the present invention provides control signals for 
operating a focus-adjusting motor coupled to an optical imaging 
system in a manner that provides wide capture range and 
dynamic, real-time focus adjustments over a wide variety of 
conditions of a work surface positioned in the imaging system. 



Therefore, the auto-focusing system and method 
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I claim: 

1. An apparatus for producing an indication of 
focussing upon an object to be viewed at the focal plane of an 
optical system having a defined path along an optical axis 
through an objective lens, the apparatus comprising: 

Source means for producing a pair of measuring beams 
having defined paths eccentric to said optical axis; 

Optical means positioned along the optical axis for 
transmitting said measuring beams eccentrically through said 
objective lens in converging relationship onto the object 
positioned near a focal plane of the optical system; 

return reflection means positioned along the optical 
axis for transmitting reflections of the measuring beams from 
said object to positions on an image plane that are related to 
the position of the object relative to the focal plane; 

a pair of photodetectors positioned near the image 
plane for generating electrical signals in response to 
reflections of the measuring beams supplied thereto, the 
magnitudes of the electrical signals varying with the positions 
of the reflections of the measuring beams upon the 
photodetectors ; 

circuit means coupled to receive the electrical 
signals from the pair of photodetectors for producing an output 
therefrom in proportion to the relative coincidence between the 
position of the object and the focal plane of the optical 
system . 

2. The apparatus in claim 1 wherein the means for 
producing two laser beams is a single laser source having beam 
splitting means for separating the laser source into two 

discrete beams. 

3. The apparatus in claim 2 wherein the beam 
splitting means is an optical polarizing means. 

4. The apparatus in claim 2 wherein the means for 
producing two laser beams is a pulsed, single laser source 
which is time multiplexed. 

5. The apparatus in claim 1 wherein the laser 
measuring beams operate in the infrared frequency range. 
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6. The apparatus in claim 1 wherein the laser 
measuring beams are produced using two separate laser sources 
of differing frequencies . 

7. The apparatus in claim 1 having additional pairs 
of photodetectors which may be selectively substituted and 
combined to vary the range within which said measuring spots 
may be detected, 

8 . The apparatus in claim 1 wherein the return 
reflection means includes an optical element for splitting the 
reflections of the measuring beams into discrete beam paths. 

9. & method for automatically producing an 
indication of focussing upon an object to be viewed at the 
focal plane of an optical system having a defined path along an 
optical axis through an objective lens and having a pair of 
photodetectors positioned near an image plane of the optical 
system, the method comprising the steps of: 

aligning a pair of measuring beams eccentric to said 
optical anis ; 

passing said measuring beams through an objective lens 
and onto an object; 

transmitting the reflections of said measuring beams 
from the object through the objective lens; 

directing each of the reflected measuring beams onto a 
separate one of the pair of photodetectors to form a spot of 
illumination at a position thereon indicative of the 
orientation of the object relative to the focal plane; 

measuring the relative positions of the spots of 
illumination on the photodetectors; and 

determining the position of the object relative to the 
objective focal plane from the relative coincidence between the 
measured positions of the spots of illumination on the 
respective photodetectors. 

10. An electronic circuit for detecting the magnitude 
and relative coincidence of a pair of coplanar spots of 
illumination, the circuit comprising: 

a pair of differential photodetectors positioned near 
the image plane for generating differential electrical signals 
in response to spots of illumination, the magnitude of the 
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electrical signals varying with the positions of the spots of 
illumination about said image plane; and 

a difference amplifier circuit with inputs connected 
to the differential photodetectors and an output which provides 
an error signal indicating the magnitude and direction of 
variance between the two sets of differential input signals. 

11. The apparatus in claim 10 having an electric 
motor means connected to the output of said difference 
amplifier circuit for varying the displacement between said 
object and said objective focal plane in response to the signal 
generated by the electronic circuit. 

12. The electronic circuit in claim 10 having a 
comparator means with inputs from said difference amplifier and 
an adjustable zero offset source, which produces a range 
trigger signal representing the difference between the 
differential signals produced by said pair of photodetectors, 
wherein said range trigger signal indicates when the 
displacement between said objective focal plane and said object 
is zero. 

13. The apparatus in claim 11 wherein the electronic 
circuit includes an electronic adjustment means for defocusing 
the lens to a predetermined level. 

14. The apparatus in claim 11 wherein the electronic 
circuit contains a compensating means for rejecting chromatic 
errors of said objective as a function of the wavelength or 
wavelength range of said beams. 

15. The electronic circuit in claim 10 including a 
summing and comparison amplifier circuit with a first set of 
summing inputs connected to said differential photodetectors, a 
second input connected to an input offset signal, and an output 
which indicates the electrical state in which the sum of the 
signals produced by the photodetectors exceeds the magnitude of 
the input offset signal. 

16. The electronic circuit in claim 15 wherein the 
output power of said laser source is controlled by said summing 
and comparison amplifier circuit output signal in order to 
produce optimum measuring beam illumination. 
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17 . A method for detecting the magnitude and relative 
coincidence of a pair of coplanar spots of illumination 
incident on separate differential photodetectors, wherein the 
method comprises the steps of: 

generating differential electrical signals in response to spots 
of illumination on the differential photodetectors; 
sensing said differential signals; and 
subtracting one differential signal from the other to 
produce an output error signal indicating the magnitude and 
relative coincidence of said spots of illumination. 

18. The method in claim 17 further including the step 
of summing the magnitudes of each of the differential 
photodetectors in order to indicate the total illumination of 
the spots on the photodetectors , 

19. The method in claim 17 further including the step 
of comparing the error signal with a user offset signal to 
provide a level trigger when the spots of illumination are 
coincident . 
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